ABSTRACT Experimental modulation of the apical membrane Na' conductance or basolateral membrane Na'-K' pump activity has been shown to result in parallel changes in the basolateral K+ conductance in a number of epithelia . To determine whether modulation of the basolateral K' conductance would result in parallel changes in apical Na* conductance and basolateral pump activity, Necturus urinary bladders stripped of serosal muscle and connective tissue were impaled through their basolateral membranes with microelectrodes in experiments that allowed rapid serosal solution changes. Exposure of the basolateral membrane to the K+ channel blockers Bat+ (0 .5 mM/liter), Cs' (10 mM/liter), or Rb' (10 mM/liter) increased the basolateral resistance (Rb) by >75% in each case . The increases in Rb were accompanied simultaneously by significant increases in apical resistance (R.) of >20% and decreases in transepithelial Na' transport . The increases in R., measured as slope resistances, cannot be attributed to nonlinearity of the I-V relationship of the apical membrane, since the measured cell membrane potentials with the K' channel blockers present were not significantly different from those resulting from increasing serosal K+, a maneuver that did not affect R. . Thus, blocking the K+ conductance causes a reduction in net Na' transport by reducing K+ exit from the cell and simultaneously reducing Na' entry into the cell. Close correlations between the calculated short-circuit current and the apical and basolateral conductances were preserved after the basolateral K+ conductance pathways had been blocked. Thus, the interaction between the basolateral and apical conductances revealed by blocking the basolateral K* channels is part of a network of feedback relationships that normally serves to maintain cellular homeostasis during changes in the rate of transepithelial Na' transport .
INTRODUCTION
For some time it has been known that there are important feedback mechanisms that couple the passive membrane permeabilities to the activity of the Na' pump in Na'-transporting epithelia (Schultz, 1981 ; Diamond, 1982) . MacRobbie and Ussing (1961) were the first to show that inhibition of the Na' pump caused a decrease in both the apical and basolateral ion permeabilities in the frog skin . This finding has subsequently been confirmed by other investigators using isotopic tracers and intracellular microelectrode techniques (Chase and Al-Awgati, 1979 ; Helman et al ., 1979) . Reuss and Finn (1975) were the first to report electrical interactions between the apical and basolateral membranes that could not be attributed to changes in current flow through the parallel shunt pathway. The alteration of the apical membrane electromotive force (emf) caused by the application of mucosal amiloride or by changing the ionic composition of the mucosal bath resulted in a rapid change in the basolateral membrane emf (Reuss and Finn, 1975 ; Finn and Reuss, 1978 ; Narvarte and Finn, 1980) . More recently (Davis and Finn, 1982a, b) , it has been shown that inhibition of the apical membrane Na y channel results in the inhibition of the basolateral K+ conductance. These interactions have been interpreted as homeostatic regulatory mechanisms that serve to maintain steady state intracellular ionic concentrations and cell volume during changes in the rates of transcellular ion and water flux .
In the preceding article (Demarest and Finn, 1987) , we demonstrated that the dominant factor determining the membrane potential in the basolateral membrane of the Necturus urinary bladder is a highly selective K+ conductance. Other studies have shown that the activity of basolateral K' channels of epithelia is dependent on the volume of the cells and can be regulated by hormones (Nagel and Crabbe, 1980 ; Davis and Finn, 1982a ; Maruyama and Petersen, 1982 ; Lau et al ., 1984) . Both effects appear to be mediated through changes in intracellular Ca" Davis and Finn, 1985) . The central role that such K+ conductance pathways have in the widely accepted KoefoedJohnson and Ussing (1958) model of transepithelial Na' transport raises the question of whether the K' channel is an important site for the regulation of Na' transport. Is there a tight coupling between the basolateral K+ and apical Na' channels? Ba t+ , a known blocker of K+ channels, has been shown to inhibit net Na' transport by epithelia, but its site of action has been a matter of dispute (Ramsay et al ., 1976 ; Nagel, 1979 ; Hardcastle et al ., 1983) . In this study, Bat' and several other K' channel blockers have been used to investigate interactions between the passive membrane permeabilities of Necturus urinary bladder. Blocking the basolateral K' conductance results in an immediate reduction of apical Na' conductance that is not mediated through changes in membrane potential. Preliminary reports of these studies have been presented elsewhere Finn, 1983, 1984) .
METHODS
Urinary bladders from male Necturus maculosus (Nasco Biological Supply, Ft . Atkinson, WI) were mounted horizontally, serosal side up, in an open-topped Lucite chamber that was placed on the stage of the inverted microscope (Diavert, E. Leitz, Inc., Rockleigh, NJ) used to view the epithelial cells at 320X with bright-field illumination during the experiments. Details of the experimental methods are described in the preceding article (Demarest and Finn, 1987) . Briefly, most of the serosal muscle and connective tissue was removed from the basolateral surface of the epithelial cell layer and microelectrode impalements were made across the basolateral membranes of the cells . Both sides of the epithelium were continuously perfused using a system that allowed rapid changes in the composition of the serosal bathing solution .
The Necturus Ringer solution had the following composition (mM/liter) : 95 NaCl, 10 NaHCO 3, 2.0 CaC12, 1 .0 MgCl2, 1 .19 K2HP0 4, 0.11 KH2PO4, 5 glucose . The total osmotic concentration was 210 mosmol/kg and the pH was 7.9 when equilibrated with 99% 02, 1 % C02. In solutions with a higher-than-normal [K+] (i.e., >2.5 mM), KCl was substituted for NaCl to obtain the concentrations indicated in the text. RbCl and CsCl were substituted for NaCl as indicated in the text. Amiloride (a gift from Merck, Sharp & Dohme Research Laboratories, West Point, PA) was dissolved in Necturus Ringer at a final concentration of 10'4 M. Verapamil (Calbiochem-Behring Corp., La Jolla, CA) was dissolved in Necturus Ringer at a final concentration of 10"4 M. The experiments were performed at room temperature (23 ± 1°C).
Solutions
Electrical Measurements measurements and circuit analysis were made as described in the preceding article (Demarest and Finn, 1987) .
The emf of the shunt pathway was assumed to be zero when the solutions on the two sides of the epithelium were identical ; experiments employing nonsymmetrical solutions are discussed in the Results.
Statistics 565
All mean values are given with standard errors (mean ± SE). Comparisons between means were made using the t test for paired data. Coefficients and intercepts for least-squares regression lines are given with standard deviations and were compared using analysis of variance.
RESULTS

Effects ofBa'f on the Measured Electrical Properties
The addition of 0.5 mM Ba2+ to the serosal solution ( Fig. 1) caused a rapid depolarization of V,,, which reached a new steady state in -7 s. Simultaneously, V,, was shifted in the negative direction . The changes in the membrane potentials were accompanied by a decrease in the ratio of the deflections of the potentials g from transepithelial current pulses (Ra/Rb), which indicated an increase in the relative resistance of the basolateral membrane. 11 experiments, in which measurements were made in the quasi-steady state 30 s after the addition of 0.5 mM/liter serosal Ba", are summarized in Table 1 . From the significant decrease the increase in R,, it can be calculated that the short-circuit current fell from 29 ± 6 to 20 ± 4 gA-cm-2 (P < 0 .01, n = 11), which indicates a significant inhibition of net Na' transport. Higher concentrations of serosal Bat + did not produce significantly greater effects (e.g., in eight experiments, 1 .0 mM/ liter Bat+ depolarized V,, to 44 .7 ± 3.3 mV and reduced Ra/Rb to 3 .66 ± 0.55 ; these effects were not significantly different from those shown in Table 1 ).
Increasing serosal K from 2.5 to 50 mM/liter depolarized V,5 by 32.7 ± 2 .5 mV, increased Ra/Rb from 3.27 ± 0.60 to 6 .36 ± 0.55, and decreased R, by >20% (Demarest and Finn, 1987) . These effects of increased serosal K+ were 56 6 0-VCS 50 mV THE JOURNAL OF GENERAL PHYSIOLOGY " VOLUME 89 -1987 3s FIGURE 1 . The effect of Bat+ on the cell membrane potentials. The record starts with a microelectrode in the cell. The upper trace is the apical (Vm,) and the lower trace is the basolateral (Vc.) membrane potential . Upward is positive for both traces, which were measured with reference to the serosal bathing solution as ground . At the arrow, the serosal solution was changed to Ringer with 0.5 mM/liter BaC12. The repeated downward deflections in the traces were due to transepithelial current pulses (5 pA .cm -2 for 500 ms) . The ratio of the deflections (AV.,/AV,, = Ra/Rb) decreased, which indicates an increase in the relative resistance of the basolateral membrane.
significantly attenuated in the presence of serosal Bat+ (V,s was depolarized by 13 .3 ± 2.9 mV, Ra/Rb increased from 1 .72 ± 0.19 to 3 .42 ± 0.42, and R, decreased by 8%) as compared with its absence, which is consistent with partial blockade of the basolateral K' conductance by Bat+ .
Effects of Bat-1 on the Membrane Resistances and Electromotive Forces
The values of Ra, Rb, Ea , and Eb, calculated from the data of Table I before and in the steady state after Bat+, are shown in Table II . In a separate set of experiments on five bladders, Bat+ was found to have no significant effect on the shunt resistance, Rs, which was 6 .24 ± 1 .25 kQ-cm2 before and 6.26 ± 1 .37 after serosal Bat+. Bat+ caused an increase in Rb and a depolarization of Eb. Values were calculated from the data in Table I as described in the text . R, was 8 .24 kQ CM 2 . A is the difference between control and Ba'-treated tissues . Table III shows the effects of increased serosal K' on the membrane resistances and emf's of Bat+-treated bladders. In the absence of serosal Bat+, 50 mM/liter serosal K+ did not significantly affect Ra (see Fig. 2 ) or Ea, but reduced Rb by >50% and depolarized Eb by 53 ± 5 mV (Demarest and Finn, 1987) . However, in the presence of serosal Bat+ (Table III) , the effect on Eb was significantly attenuated . These data indicate that Bat+ significantly reduces the transference number of the basolateral membrane for K+ (Demarest and Finn, 1987) . Thus, the effect of Bat+ on Rb can be attributed to a partial block of the basolateral K+ conductance. However, serosal Bat+ also caused a significant increase in Ra and a hyperpolarization of Ea (Table II) . Fig. 2 shows that these increases are not simply due to a nonlinear current-voltage relationship of the apical membrane, since the values of Vmc before and after either 50 mM/liter serosal K+ or 0 .5 mM/liter serosal Bat+ were not significantly different, yet increased K+ did not change Ra significantly. Thus, blocking the basolateral K+ conductance resulted in a decrease in apical Na+ permeability that was reflected as an inhibition of the I.,. intracellular Na' resulting from the continued activity of the Na'-K+ ATPase while the rate of apical Na' entry was decreasing .'
Time Course ofthe Bat' Effects on the Cell Membrane Resistances
Two different time courses of Bat+-induced changes in Ra were encountered that were dependent upon the value of V., after Bat+. If the Bat'-induced value of V,c was more negative than about -10 mV, Ra exhibited a biphasic response (Fig. 3A) . It first decreased to a minimum at 9.6 ± 0.8 s, which was significantly (P < 0.01) lower than control . By 20.4 ± 2.4 s, Ra had returned to a level not significantly different from control, and then continued to increase to a quasisteady state significantly (P < 0.05) higher than control by 30 s. In bladders with a Ba2'-induced V., more positive than -10 mV, Ra increased monotonically to a quasi-steady state significantly (P < 0.05) higher than control by 20 s (Fig. 3B) . The Ba2'-induced increase of Rb, hyperpolarization of Ea, and depolarization of
Correlation between the change in Ra, AR ., and V., at 10 s after serosal Bat+. There was a significant correlation (r = 0.810, P < 0.001) between DRa and V,,. The solid line (OR, = 0.016 ± 0.003, Vm, -1 .466 ± 0 .310 ; P < 0.001, n = 16) was fitted to the data by least-squares regression.
Eb (Table II) were monotonic in all cases and reached steady state levels by 20 s. Note that the Bat'-induced changes in V., and Vc, had reached their steady state levels within 5-7 s (Fig. 1) .
There was a significant correlation (r = 0.810, P < 0.01) between the change in Ra (AR,,), and V,c at 10 s after Bat+ (Fig. 4) , but no significant correlation (r = 0.063, P > 0 .5) between the quasi-steady state values. In addition, there was no significant difference between the mean steady state values of Ra for bladders that exhibited biphasic (Ra = 8.15 ± 1 .80 kQ-cm2) and monophasic (Ra = 8 .79 ± 2.10 kQ .cm 2) time courses .
' In the high-V_ winter bladders of Table II , Ea appears to be exclusively an Na' emf (Demarest and Finn, 1987) . Calculating the intracellular Na' concentration from the values of Ea (Table  II) using the Nernst equation gives a value of 2.6 mM/liter under control conditions and 1 .2 mM/liter after serosal Bat+. The former value for control conditions is about half of that estimated in previous studies on Necturus urinary bladder by fitting the constant field equation to the current-voltage relationship of the amiloride-sensitive apical Na' pathway (Fromter et al., 1977 ;  Thomas et al., 1983) . 570 THE JOURNAL OF GENERAL PHYSIOLOGY " VOLUME 89 " 1987 Verapamil blocks Ca channels that exhibit high conductances for Bat+ (Hagiwara and Byerly, 1981) . A verapamil-sensitive Ca channel has been reported in isolated toad urinary bladder cells (Humes et al ., 1980) . To determine whether the effect of Ba t+ on R a was due to Bat' entry into the cells, the effects of Ba t+ were examined in bladders treated with verapamil (100 1M). Table IV shows that there was no significant effect of serosal verapamil on the electrical properties or the responses of the bladders to Bat+ . Furthermore, the effects of Bat+ were found to be completely reversible for the short exposure times investigated in this study (<I 0 min) . These data suggest that Bat' does not exert its effects by entering the cells. under control conditions and in the presence of 10 mM/liter Cs' or Rb+. Both ions significantly reduced the effect of increasing serosal K+. The high-K +-induced changes in Vc, in the presence of either Cs or Rb were not significantly different from one another, even though the depolarization of Vc, caused by Cs' was significantly smaller than that caused by Rb+ (Fig. 5) . The depolarizations of Vc, caused by 10 mM/liter Cs' and Rb+ were not significantly different from the depolarizations caused by 47 .5 mM/liter of these ions (Demarest and Finn, 1987) . Thus, 10 mM/liter of either ion is sufficient to produce a maximal effect . Cs' and Rb+ caused significantly smaller hyperpolarizations of Vmc than Bat+ . Rb+ hyperpolarized Vmc by 14 .9 ± 1 .7 mV and Cs' hyperpolarized Vmc by only 9.7 ± 1 .3 mV, or slightly more than half of the hyperpolarization caused by Ba t+ (Table I) . Both ions significantly inhibited Na' transport. Cs+ reduced the Ix by 19 ± 4% (P < 0.05, n = 11) and Rb+ reduced the I,c by 22 ± 4% (P < 0 .05, n = 9). However, neither ion was as effective at depolarizing V,, or inhibiting the I,r as 0.5 mM/liter Bat+ ( Table I) . As was the case for Bat+, the effects of Cs + and Rb+ were completely reversible .
Tables V and VI demonstrate that both Cs' and Rb+ at 10 mM/liter were as effective as Bat+ in increasing Rb and Ra. Although small depolarizations of Eb and hyperpolarizations of Ea were produced by Cs' and Rb+, none of the effects was significant. The effects of Cs' and Rb+ are consistent with the ability of these ions to reduce the transference number of the basolateral membrane for K+ by competitively blocking the K+ conductance pathways (Demarest and Finn, 1987 Relationship between the Na* Transport and Membrane Conductances
The relationship between the calculated I5c and the apical (G.) and basolateral (Gb) membrane conductances for Bat+-treated bladders are shown in Figs. 6 and 7. The lines connect points measured in the same cell before and after serosal Ba'+. There are highly significant correlations between the I, and Ga and Gb both before and after Bat+ exposure. The correlation coefficients for each membrane were not significantly affected by Bat+ . Table VII shows the slopes and y-intercepts for regression lines fitted to the IS,, Ga , and Gb data for all of the bladders inhibited with Bat+, Cs', or Rb' . All of the regressions were highly significant and none of the y-intercepts was significantly different from zero. Blocking the basolateral K+ conductance did not significantly alter the regression coefficients for either membrane. Thus, blocking the K+ conductance shifts Ga, Gb, and I, to lower values along the lines that describe the bladder-to-bladder variability, without changing the slopes or y-intercepts of these relationships .' s The calculated Ix is used here merely as an index of Na+ transport rate, i.e., pump activity . Since the Ix is not included in the equivalent circuit that we have used, the slopes and intercepts of the relationships between the I, and the membrane conductances have not been interpreted further . We have previously shown (Demarest and Finn, 1987 ) that the electrical properties of the basolateral membrane of Necturus urinary bladder are dominated by K{'-selective conductances and those of the apical membrane are dominated by an amiloride-sensitive Na' channel. The location of the K+ channels in the same membrane as the receptors for many hormones and their known dependence on a number of putative intracellular mediators and "second messengers," such as Cat+ , voltage, pH, etc., would seem to make the K+ channels an ideal primary site for the regulation of transepithelial ion transport by hormones . THE JOURNAL OF GENERAL PHYSIOLOGY " VOLUME 89 -1987 Indeed, several studies of hormonal stimulation of transepithelial ion transport have shown that the hormones produce their effects by simultaneously increasing the conductance of both the apical and basolateral cell membranes (Nagel and Crabbe, 1980 ; Smith and Frizzell, 1984; Demarest and Machen, 1985) . Further, the modulation of the K+ channels by changes in cell volume (Davis and Finn, 1982a, b ; Lau et al., 1984) suggest that they may serve as the sensor for the activation of volume-regulatory mechanisms . We have examined the effects of experimental modulation of the K+ conductance on the transepithelial Na' transport rate and apical membrane Na' conductance in order to determine whether the K+ conductance has the properties of a regulatory site.
Inhibition ofthe Apical Na' Channel by Basolateral K+ Channel Block The data presented in Tables II, V, and VI indicate that blocking the basolateral K+ pathways results in blockage of the apical Na+ channel. Thus, the inhibition of net transepithelial Na' transport caused by the K+ channel blockers is the result of their direct inhibition of K+ exit from the cells across the basolateral membrane and a presumably indirect effect to inhibit Na' entry into the cells across the apical membrane. This effect is not mediated by the change in Vmc after K+ channel block (Table I) , since its magnitude is not sufficient to account either for the reduction of Na' entry into the cells owing to a reduction of the electrochemical gradient for Na' or for the observed increase of Ra (which might be predicted if the apical membrane channels are voltage dependent) ( Fig. 2 ; see also Demarest and Finn, 1987) . In addition, even though Cs' caused a hyperpolarization of Vm, that was only 58% of that caused by Bat+, exposure to either ion increased Ra by about the same amount (compare Tables II and V) , which provides further evidence that the increase in Ra resulting from the K+ channel blockers is not a function of the change in V,,,,.
Since amiloride increases Ra/Rb of all bladders by^"20-fold, regardless of the value of Vm, (Demarest and Finn, 1987) , it is clear that the Na+ conductance is the dominant conductance in the apical membrane of all bladders. Thus, a possible explanation for the transient decrease in Ra shown in Fig. 3A would be the opening of a small voltage-dependent apical conductance that would be masked in the steady state by the simultaneous decrease in the amiloride-sensitive apical Na+ conductance. Experiments to test this hypothesis, e.g., by studying the effects of voltage-clamping V~nc on the time course of the Ra response to Bat+, and to further characterize the conductance were beyond the scope of the present study. However, this does not affect the conclusions presented in this article, since the steady state responses of the two groups of bladders are not significantly different.
The interaction demonstrated here between the basolateral K+ channels and the apical Na+ channels is the reciprocal of the one demonstrated by Davis and Finn (1982a, b) , who showed in the toad and frog urinary bladder that apical amiloride resulted in an inhibition not only of apical Na' conductance but of the basolateral K+ conductance as well . Close correlations between the rate of transepithelial ion transport and the apical and basolateral membrane conductances have been observed in Necturus urinary bladder and a number of other epithelia (Fromter and Gebler, 1977 ; Finn and Reuss, 1978; Narvarte and Finn, 1980 ; Schultz, 1981 ; Thomas et al., 1983) . These interrelationships appear to be parts ofa feedback regulatory mechanism involving the passive permeabilities of the apical and basolateral membranes and the Na'-K' ATPase, which allows for the maintenance of intracellular ionic and volume homeostasis when the rate of transepithelial ion transport changes. In the present study, the close relationships between the rate of transepithelial transport and the membrane conductances were preserved after partial basolateral K* channel block (Figs. 6 and 7 and Table VII), which suggests that experimental manipulation of the basolateral K+ conductance caused an activation of the regulatory mechanism(s) that functions under normal conditions in these cells. In support of this interpretation are the observations that blocking the basolateral K+ channels in rabbit proximal tubules with Bat+ does not result in a significant change in intracellular K' activity or cell volume (Biagi et al., 1981 ; Welling et al., 1985) .
Mechanisms That Are Not Involved in the Membrane Interaction
Although the reduction of G a caused by blocking the basolateral K+ conductance appears to be a manifestation ofan intrinsic regulatory mechanism of the urinary bladder cells, the mechanism of the membrane interaction remains obscure . However, our data indicate that several factors can be ruled out as possible mediators . It cannot, as stated above, be attributed to voltage alone, since K+-induced membrane potential changes not significantly different from those resulting from Bat' block of the K+ channel do not cause a significant change in Ra (Fig. 2, and see below) . Further, the smaller changes in Vmc produced by Rb+ or Cs' block were associated with increases in Ra equivalent to that caused by Bat+ (Fig. 5 and Tables II, V, and VI) . In addition, these data indicate that the increase in Ra is not simply due to a shift of the measured slope resistance along a nonlinear (Goldman-like) current-voltage curve of the apical membrane .
An alternative way of expressing the same ideas is to compute the change in net flux across the apical membrane that would be expected if voltage alone were the determinant . To do this, one can use the flux form of the constant field equation, as follows (from Schultz, 1980) :
where Ix is the short-circuit current (equal to net transepithelial or transapical Na transport), PNa is the apical membrane Na permeability, [Na] . is the mucosal Na concentration (105 meq/liter), [Na] c is cell Na concentration (5 meq/liter) (for the purpose of this argument, variations in this value from 2 to 15 have no effect on the conclusion, especially if it is assumed to be constant for the short period after the changes in serosal solution), and R, T, and F have their usual meanings . By using the measured apical membrane voltage before and after changes in the serosal solution, it is possible to compute the expected changes in the short-circuit current and compare them with those observed (or, in this case, determined as the quotient of the open-circuit transepithelial potential, V.,, and the transepithelial resistance, R,) ; if one makes the critical assumption that P Na remains unchanged. The predicted effect of the addition of 50 mM K+ is a reduction of the short-circuit current by 33%, whereas the observed change was not different from zero. After Bat+ addition, the predicted change was a reduction by 37%, and in this case there was an average decrease of 27% . It is evident, then, that the effects of these solution changes (and the same is true if one makes the calculations after Rb+ or Cs + addition) on apical membrane resistance cannot be explained by invoking the constant field equation, and that at least under these circumstances, this model does not provide a sufficient description of the behavior of the apical membrane Na' conductance.' This is so not only for the effects of Bat' and other K+ channel blockers on the apical Na' channel, but it also seems to be the case for the effects of K+. Here, as shown above, there was no effect whatsoever on the apical Na+ conductance, despite the large depolarization.
Intracellular Na+ and Cat+ have both been implicated as regulators of the amiloride-sensitive Na' channel (Schultz, 1981 ; Chase, 1984) . To account for the observed increase in Ra through self-regulation of the amiloride-sensitive Na' channel by Na', an increased intracellular Na' would be required ; however, the increase in Ea (predominantly an Na' emf) after Bat+ (Table 11) is consistent with a decrease of intracellular Na+. Indeed, such a change by itself might be expected to produce a decrease in Ra (Fuchs et al., 1977) , and not the observed increase .
It has been proposed that cell Ca" is regulated in epithelia, at least in part through the operation of an electrogenic Na+-Ca2+ exchanger located in the basolateral membrane (Grinstein and Erlij, 1978 ; Chase and Al-Awgati, 1981) . Concentrations of Bat+ comparable to those used in the present study effectively block such an exchanger in cardiac sarcolemma vesicles and canine erythrocytes (Trosper and Philipson, 1983 ; Parker, J. C., personal communication) . Thus, although Bat+ clearly blocks the basolateral K+ channel, the membrane interaction could be mediated independently through a rise in intracellular Ca2+ caused by the direct effect of Bat+ on the Na+-Ca2+ exchanger. However, it seems unlikely that Rb+ or Cs + could act through such a mechanism. All three ions could, in theory, interfere with the operation of the exchanger by depolarizing the basolateral membrane potential, since the exchanger is poised with only a small electrochemical driving force favoring Ca2+ extrusion (Chase, 1984) ; however, the voltage independence of the membrane interaction obviates this explanation (see above) . Thus, it is unlikely that the membrane interaction is the result of an increase of intracellular Ca 2+ caused by the inhibition of an Na+-Ca2+ exchange mechanism, although the possibility of an increase in intracellular Ca2+ brought about through some other mechanism cannot be eliminated . For example, Bat+ has been reported to increase cyclic AMP (Grill, 1978) and alter phospholipid metabolism (Best and Malaisse, 1984) , in association with its ability to promote insulin secretion by pancreatic cells, a Ca 2+ -dependent process.
It is evident that the assumption of a constant P N , is wrong, since we measured the apical membrane conductance (which in this tissue is a good measure Of PN,; see accompanying article) . Therefore, the constant field equation does not adequately describe this epithelium under these conditions . Alternatively, Ba t+ could enter the cells and either directly substitute for Ca 2+ or cause Ca 2+ release from intracellular stores (Hardcastle et al., 1983) . A verapamil-sensitive Ca2+ entry has been demonstrated in isolated toad bladder epithelial cells (Humes et al ., 1980) , and Bat+ is known to permeate the verapamilinhibitable Ca 2+ channels of excitable cells more easily than Ca 2+ itself (Hagiwara and Byerly, 1981) . However, the reversibility of the effects of Bat+ and the lack of any effect of verapamil on the Bat+ responses (Table IV) suggest that Ba t+ does not exert its effects by entering the cells. Further evidence against Bat+ entry into epithelial cells comes from a recent study in the polyene-treated frog skin (Nielsen, 1979) . In this preparation, the apical membrane Na+ selectivity and amiloride sensitivity are totally destroyed by apical exposure to a polyene antibiotic, so that there is essentially no barrier to Na+ entry, and transepithelial measurements, therefore, at least in principle, yield information on the characteristics of the basolateral membrane alone. Using this preparation, the stoichiometry of the Na+-K + pump was determined in the presence of serosal Bat+ (Nielsen, 1979) . If Bat+ were entering the cells, an inhibition of transport would be expected, since Bat+ inhibits the isolated Na+-K+ ATPase by competing with Mg 2+ at a normally intracellular-facing site on the enzyme (Rendi and Uhr, 1964) ; however, no significant inhibition of the I5c was observed for 90 min after serosal Bat+ (see Table VIII of Nielsen, 1979) . Again, there is no evidence to suggest that Rb+ or Cs+ could act through such mechanisms .
In summary, we have demonstrated the existence of a feedback interaction between the basolateral K+ conductance and the amiloride-sensitive apical Na+ conductance of Necturus urinary bladder. Inhibition of the conductance of the K+ channels with Bat+, Cs+, or Rb+ results in a rapid and simultaneous inhibition of the apical Na' channel, which is reflected as an increase in Ra. The intracellular signal that couples the activity of these two conductance pathways has not been identified . However, we have shown that the interaction cannot be attributed to voltage changes across the cell membranes and that the K+ channel blockers are not interacting directly with the Na+ channel, since Bat+ does not enter the cells and there is no evidence for the interaction of Rb+ or Cs + with the amiloridesensitive Na+ channel . Further, our data indicate that the increase in Ra is not due to inhibition of the Na+ channel by an increase in intracellular Na+, but rather that intracellular Na+ probably falls after basolateral K+ channel block, as reflected by an increase in Ea. While our data do not rule out the possibility that the increase in Ra was due to an increase in intracellular Cat+, they suggest that such an increase could not be due to the inhibition of a basolateral Na+-Ca 2+ exchanger. The membrane interaction demonstrated here is part of a network of regulatory mechanisms that serve to maintain intracellular ionic and volume homeostasis during changes in the rate of transepithelial ion transport. Finally, our data suggest that the K+ channels in the basolateral membranes of epithelia may be important regulatory sites for the control of transepithelial Na' absorption in a manner analogous to their proposed role in the regulation of Cltransport in secretory epithelia .
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